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(57) ABSTRACT 

A pressure control valve is disclosed, which can Suppress the 
generation of noise and vibration due to cavitation when 
hydraulic fluid is fed from a high-pressure side to a low 
pressure side, which is caused by the change of a pilot 
poppet structure that is in detachable contact with a seat of 
the pressure control valve to close/open a flow path. The 
pressure control valve includes a pilot poppet, being detach 
ably in contact with a two-stage seat formed in a flow path 
connecting a high-pressure path with a low-pressure path, 
for closing/opening the flow path, an elastic member for 
elastically biasing the pilot poppet, which has been pressed 
onto the seat to close the flow path, to its initial state, and a 
ring-shaped balancing groove formed on a periphery of the 
pilot poppet that forms a ring-shaped gap in association with 
the seat when the pilot poppet is lifted from the seat. 
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Fig. 1 
Prior Art 

Fig. 2 
Prior Art 
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Fig. 3a 
Prior Art 

Fig. 3b 
Prior Art 
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PRESSURE CONTROL VALVE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is based on and claims priority 
from Korean Patent Application No. 10-2006-0077268, filed 
on Aug. 16, 2006 in the Korean Intellectual Property Office, 
the disclosure of which is incorporated herein in its entirety 
by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a pilot poppet type 
pressure control valve which is shifted so as to feed high 
pressure hydraulic fluid on a hydraulic pump side back to a 
hydraulic tank if the pressure of the hydraulic fluid on the 
hydraulic pump side is heightened over a predetermined 
pressure, thereby protecting a hydraulic system. 
0004 More particularly, the present invention relates to a 
pressure control valve that can Suppress the generation of 
noise and vibration due to cavitation when hydraulic fluid is 
fed from a high-pressure side to a low-pressure side, which 
is caused by the change of a pilot poppet structure that is in 
detachable contact with a seat of the pressure control valve 
to close/open a flow path. 
0005. Hereinafter, a term “a ring-shaped gap' means a 
ring-shaped opening formed between the seat and the pilot 
poppet when the pilot poppet is lifted from the seat and is in 
a relief state. 
0006 2. Description of the Prior Art 
0007 As shown in FIGS. 1 and 2, a conventional pilot 
poppet type pressure control valve includes a two-stage seat 
5 formed in a flow path connecting a high-pressure path 1 
with a low-pressure path 4, a pilot poppet 2, being detach 
ably in line contact with the seat 5, for closing/opening the 
flow path, and an elastic member (e.g., a compression coil 
spring)3 for elastically biasing the pilot poppet 2, which has 
been pressed onto the seat 5 to close the flow path, to return 
the pilot poppet 2 to its initial state. 
0008. In the above-described pressure control valve 
structure, if the pressure of hydraulic fluid in the high 
pressure path 1 exceeds a predetermined pressure of the 
elastic member 3, the pilot poppet 2 is lifted from the seat 
5. Accordingly, the hydraulic fluid of the high-pressure path 
1 is moved to the low-pressure path 4, and thus a hydraulic 
system that is shifted to be in a relief state can be protected. 
0009. In this case, when the pilot poppet 2 is lifted from 
the second-step seat 5 to be in a relief state and the hydraulic 
fluid on the high-pressure path 1 is moved to the low 
pressure path 4 through the seat 5, the high-pressure hydrau 
lic fluid becomes in contact with the seat 5 to generate 
bubbles, and thus cavitation occurs. Since this cavitation 
causes the generation of the vibration and noise, the hydrau 
lic system becomes unstable. 
0010. As shown in FIG. 2, when the pilot poppet 2 is 
lifted from the seat 5 to be in a relief state, a ring-shaped gap 
formed between the seat 5 and the pilot poppet 2 may be kept 
in an eccentric State in which upper and lower parts of the 
gap are not uniform. That is, the ring-shaped gap formed 
between the seat 5 and the upper surface of the pilot poppet 
2 may become narrow, and the ring-shaped gap formed 
between the seat 5 and the lower surface of the pilot poppet 
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2 may become wide relatively. By contrast, the ring-shaped 
gap formed between the seat 5 and the pilot poppet 2 may 
become eccentric. 
0011. Accordingly, when the pilot poppet 2 is lifted from 
the seat 5, it is supported only by the elastic member 3, and 
thus it is floating inside the low-pressure path 4. That is, 
when the hydraulic fluid in the high-pressure path 1 is 
moved to the low-pressure path 4, passing around the pilot 
poppet 2, it comes into contact with sharp parts of the seat 
5 to generate bubbles. This bubble generation causes the 
occurrence of cavitation and bubble breakage (i.e., removal), 
and accordingly, it becomes difficult to maintain the ring 
shaped gap without the occurrence of eccentricity in the 
ring-shaped gap. 
0012. In this case, the eccentricity of the pilot poppet 2 
may also occur due to the shape of the right-angled elastic 
member 3 and the degrees of parallel, right angle, and 
illumination of the seat 5 being detachably in contact with 
the pilot poppet 2 and the pilot poppet 2 that are determined 
when they are processed. 
0013 As shown in FIGS. 2, 3a and 3b, if the ring-shaped 
gap between the seat 5 and the pilot poppet 2 is narrow (that 
corresponds to an upper part 7 of the pilot poppet as 
illustrated in FIG. 2) when the eccentricity occurs in the pilot 
poppet 2 that are shifted to be in a relief state, a hydraulic 
fluid pressure P2 in an outlet is abruptly lowered in com 
parison to a hydraulic fluid pressure P1 in an inlet. By 
contrast, if the ring-shaped gap between the seat 5 and the 
pilot poppet 2 is wide (that corresponds to a lower part 8 of 
the pilot poppet as illustrated in FIG. 2), the change of the 
pressure P2 in the outlet is relatively small in comparison to 
the pressure P1 in the inlet. 
0014 That is, a difference in pressure between the upper 
and lower parts of the ring-shaped gap occurs as much as a 
hatched portion A as illustrated in FIGS. 3a and 3b, due to 
the increase of momentum of the hydraulic fluid through the 
ring-shaped gap between the seat 5 and the lower part 8 of 
the poppet 2. The occurrence of the eccentricity of the pilot 
poppet 2 causes the generation of a lateral thrust force, and 
as shown in the drawings, the high pressure on the lower part 
side makes the pilot poppet 2 be pushed to the upper part 
side having a relatively low pressure. Accordingly, the 
amount of eccentricity occurring in the ring-shaped gap 
between the seat 5 and the pilot poppet 2 is increased to 
cause an unstable vibration of the pilot poppet. 
0015 This unstable vibration of the pilot poppet causes 
the vibration and noise of the whole hydraulic system, which 
makes the hydraulic system unstable, and thus the working 
efficiency of an operator is lowered. Consequently, the 
pressure control valve should be replaced to cause an 
economic loss. 

0016 Now, the principal of generation of a lateral thrust 
force will be described. 

0017. As shown in FIGS. 3a and 3b, according to Black 
burn's study, the lateral thrust force can be expressed as 
follows. 

0018. Here, F denotes a lateral thrust force, 1 the length of 
a gap, d the diameter of a piston, t a gap, AP a difference in 
pressure (P1-P2) between an inlet and an outlet, e an 
amount of eccentricity, and c the minimum gap (which is a 
gap in a direction of the radius of the piston having a larger 



US 2008/0042093 A1 

diameter) when the center line of the piston coincides with 
the center line of a cylinder, respectively. 
0019. It can be confirmed from the above-described equa 
tion that the lateral thrust force F is increased in proportion 
to the length of the gap 1, the diameter of the piston d, the 
gap t, and the difference in pressure AP. In this case, it is 
most preferable that the amount of eccentricity becomes “0”. 

SUMMARY OF THE INVENTION 

0020. Accordingly, the present invention has been made 
to solve the above-mentioned problems occurring in the 
prior art while advantages achieved by the prior art are 
maintained intact. 
0021 One object of the present invention is to provide a 
pressure control valve that can stabilize a hydraulic system 
by preventing the generation of noise and vibration due to 
cavitation through offsetting of a lateral thrust force that is 
generated due to the occurrence of eccentricity in a ring 
shaped gap between a seat and a pilot poppet of the pressure 
control valve. 
0022. The pressure control valve according to one 
embodiment of the present invention can improve the work 
ing efficiency of an operator through creation of a comfort 
able working environment, and prolong the life span of the 
pressure control valve with its manufacturing cost reduced. 
0023. In order to accomplish these objects, there is pro 
vided a pressure control valve, according to one aspect of the 
present invention, including a pilot poppet, being detachably 
in contact with a two-stage seat formed in a flow path 
connecting a high-pressure path with a low-pressure path, 
for closing/opening the flow path, and an elastic member for 
elastically biasing the pilot poppet, which has been pressed 
onto the seat to close the flow path, to its initial state, which 
comprises a ring-shaped balancing groove formed on a 
periphery of the pilot poppet that forms a ring-shaped gap in 
association with the seat when the pilot poppet is lifted from 
the seat. 
0024. At least one balancing groove is formed on the 
periphery of the pilot poppet. 
0025. The depth of the balancing groove formed on the 
periphery of the pilot poppet is set to be within 10 to 15 
times the ring-shaped gap. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. The above and other objects, features and advan 
tages of the present invention will be more apparent from the 
following detailed description taken in conjunction with the 
accompanying drawings, in which: 
0027 FIG. 1 is a schematic view illustrating a conven 
tional pressure control valve; 
0028 FIG. 2 is a view illustrating a pilot poppet in an 
eccentric State during a relief of the pressure control valve as 
illustrated in FIG. 1; 
0029 FIG. 3a is a schematic view illustrating the lateral 
thrust force according to Blackburn's study and FIG. 3b is 
a graph showing a pressure distribution in an eccentric state 
of the pilot poppet during a relief of the pressure control 
valve as illustrated in FIG. 2; 
0030 FIG. 4 is a schematic view of a pressure control 
valve according to an embodiment of the present invention; 
0031 FIG. 5 is a schematic view of a relief valve to 
which the pressure control value according to an embodi 
ment of the present invention has been applied; and 
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0032 FIG. 6 is a comparative graph showing a lateral 
thrust force of the pressure control valve according to the 
present invention in comparison to a lateral thrust force of 
the conventional pressure control valve. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0033 Hereinafter, preferred embodiments of the present 
invention will be described with reference to the accompa 
nying drawings. The matters defined in the description, Such 
as the detailed construction and elements, are nothing but 
specific details provided to assist those of ordinary skill in 
the art in a comprehensive understanding of the invention, 
and thus the present invention is not limited thereto. 
0034. As shown in FIGS. 4 and 5, a pressure control 
valve according to an embodiment of the present invention 
includes a two-stage seat 5 formed in a flow path connecting 
a high-pressure path 1 with a low-pressure path 4, a pilot 
poppet 2, being detachably in line contact with the seat 5, for 
closing/opening the flow path, an elastic member (e.g., a 
compression coil spring) 3 for elastically biasing the pilot 
poppet 2, which has been pressed onto the seat 5 to close the 
flow path, to its initial state, and a ring-shaped balancing 
groove 6 formed on a periphery of the pilot poppet 2 that 
forms a ring-shaped gap formed between the seat 5 and the 
pilot poppet 2 when the pilot poppet 2 is lifted from the seat 
5. 
0035. At least one balancing groove 6 is formed on the 
periphery of the pilot poppet 2. 
0036. The depth of the balancing groove 6 formed on the 
periphery of the pilot poppet 2 is set to be within 10 to 15 
times the ring-shaped gap. The balancing groove 6 is wid 
ened in the case where the ring-shaped gap is long, while it 
is narrowed in the case where the ring-shaped gap is short. 
0037 Hereinafter, the operation of the pressure control 
valve according to an embodiment of the present invention 
will be described with reference to the accompanying draw 
1ngS. 
0038. As shown in FIGS. 4 and 5, high-pressure hydrau 
lic fluid fed into a relief valve through a pump port 10 is 
supplied to a back chamber 17 via orifices 15 and 16 of a 
piston 14 slidably installed in a main poppet 12. 
0039. When the high-pressure hydraulic fluid is supplied 
to the back chamber 17, the main poppet 12 is moved in the 
left direction as shown in FIG. 5 and is placed in a sleeve 11 
due to a difference in cross-sectional area between front and 
rear diaphragms of the main poppet 12, so that the high 
pressure hydraulic fluid being Supplied through the pump 
port 10 is intercepted from a tank passage 21. 
0040. At this time, the high-pressure hydraulic fluid 
supplied to the back chamber 17 is kept in the same pressure 
state as that in the pump port 10. 
0041) If the pressure within the pump port 10 and the 
back chamber 17 is gradually increased and then becomes 
larger than a predetermined pressure of the elastic member 
(e.g., compression coil spring)3 that elastically Supports the 
pilot poppet 2, the pilot poppet 2 is shifted in the right 
direction as shown in FIG.5 to open the flow path of the seat 
5, and thus the hydraulic fluid pressure in the back chamber 
17 is transferred to the low-pressure path 4. 
0042. Since the low-pressure path 4 is connected with the 
tank passage 21 through a passage 19 of a seat part 18 and 
a passage 20 formed in a sleeve to connect with the passage 
19, the pressure in the back chamber 17 is abruptly lowered 
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in comparison to the pressure on the pump port side 10. 
Accordingly, the piston 14 for keeping the left-right balance 
is moved in the right direction as shown in FIG. 5 to be in 
contact with a front end part of the main poppet 2. That is, 
the high-pressure hydraulic fluid is supplied to the back 
chamber 17 only through the orifice 16 (in this case, the 
orifice 15 is closed by the pilot poppet 2). 
0043. Accordingly, the flow rate in the back chamber 17 

is reduced to further lower the hydraulic fluid pressure. This 
causes a loss of the pressure balance of the main poppet 12 
for keeping the pressure balance by the difference in cross 
sectional area between the front and rear diaphragms 
thereof, and thus the main poppet 12 is moved in the right 
direction a shown in FIG. 5. In this case, the high-pressure 
hydraulic fluid in the pump port 10 is supplied to the tank 
passage 21 through a passage 13. Accordingly, the relief 
valve operates to protect the hydraulic system by lowering 
the pressure in the back chamber even if an unexpected 
high-pressure is generated in the hydraulic circuit. 
0044. At this time, since the pilot poppet 2 is minutely 
moved in the right direction as shown in FIG. 5, the 
hydraulic fluid pressure in the back chamber 17 is trans 
ferred to the low-pressure path 4 to make the back chamber 
17 in a low-pressure state. 
0.045. In this case, since a minute ring-shaped gap is 
formed between the seat 5 and the pilot poppet 2, the 
high-pressure hydraulic fluid is fed to the low-pressure path 
4. Accordingly, the high-pressure fluid, which is returned 
from the pump port 10 to the tank passage 21, passes through 
the ring-shaped gap formed in a flow path between the seat 
5 and the pilot poppet 2 at high speed. In this case, if no 
eccentricity occurs in the ring-shaped gap, the hydraulic 
fluid keeps the same flow speed and thus no noise due to 
vibration occurs, so that the relief valve operates stably. 
0046 By contrast, if the eccentricity occurs in the ring 
shaped gap due to an external environmental condition (e.g., 
a main cause of eccentricity occurring when the pilot poppet 
2 is assembled or due to a defect in the pilot poppet structure 
itself), a difference in pressure between the inlet and the 
outlet of the seat 5 is generated depending on the size of the 
gap, and this causes the lateral thrust force to be generated 
in the pilot poppet 2. Accordingly, unstable vibration and 
noise are generated, and the whole hydraulic system is 
resonated to spread the noise and vibration, so that the 
hydraulic system becomes unstable. 
0047. The eccentricity in the ring-shaped gap may occur 
due to the inferiority in shape of the seat part 18, the pilot 
poppet 2, the elastic member 3, and the piston 23, depending 
on their degrees of parallel or right angle determined when 
they are processed. 
0048. On the other hand, when the pilot poppet 2 is lifted 
from the seat 5, it is supported only by the elastic member 
3 in the low-pressure path 4, and thus it is in an unstable 
state. Accordingly, the pilot poppet 2 becomes unstable due 
to the cavitation occurring in the seat 5, bubble generation, 
bubble breakage (i.e., removal), and so forth, and thus the 
lateral thrust force may be generated in the pilot poppet 2. 
0049. As shown in FIG. 4, at least one balancing groove 
6 is formed on the periphery of the pilot poppet 2 that is 
opposite to the two-stage seat 5 and has the ring-shaped gap 
between the seat 5 and the pilot poppet 2. The balancing 
groove 6 can Suppress the generation of the lateral thrust 
force on the pilot poppet. 
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0050. That is, when the relief valve operates, the pilot 
poppet 2 is minutely moved, and thus the ring-shaped gap is 
formed between the two-stage seat 5 and the pilot poppet 2. 
In this case, the size of the ring-shaped gap is also varied 
minutely, and through this ring-shaped gap, the high-pres 
sure hydraulic fluid is returned to the hydraulic tank side. 
0051. The ring-shaped gap is maintained with respect to 
the seat 5, and the lateral thrust force of the pilot poppet 2. 
which is generated due to the eccentricity that compulsorily 
occurs in the ring-shaped gap due to the balancing groove 6 
formed in the radius direction on the periphery of the pilot 
poppet 2 being minutely moved, can be offset. 
0.052 Specifically, the ring-shaped gap is maintained 
with respect to the seat 5, and the hydraulic fluid pressure 
inside the balancing groove 6 formed on the periphery of the 
pilot poppet that is minutely moved exerts the same influ 
ence in the radius direction. Accordingly, the lateral thrust 
force of the pilot poppet 2, which is generated due to the 
eccentricity occurring in the ring-shaped gap due to the 
problems in assembly and structure of the pilot poppet 2 that 
is assembled to open/close the flow path of the seat 5, can 
be offset. 
0053 Accordingly, even if the eccentricity occurs in the 
ring-shaped gap between the seat 5 and the pilot poppet 2 
due to an external environmental cause, the ring-shaped gap 
between the seat 5 and the pilot poppet 2 can be kept in a 
stable state. 
0054 As shown in FIG. 6, upon comparing a graph C 
showing a lateral thrust force generated using the pilot 
poppet 2 according to the present invention with a graph B 
showing a lateral thrust force of the pilot poppet 2 according 
to the prior art, it can be confirmed that the lateral thrust 
force generated in the pilot poppet 2 having the balancing 
groove 6 according to the present invention is greatly 
reduced in comparison to that according to the prior art. 
0055 As described above, the pressure control valve 
according to the present invention has the following advan 
tages. 
0056. The lateral thrust force that is generated due to the 
occurrence of eccentricity in the ring-shaped gap between 
the seat and the pilot poppet of the pressure control valve is 
offset, and thus the generation of noise and vibration due to 
the cavitation can be prevented to stabilize the hydraulic 
system and to improve the reliability of the heavy equip 
ment. 

0057 The working efficiency of an operator is improved 
through creation of a comfortable working environment, and 
the life span of the pressure control valve is prolonged with 
its manufacturing cost reduced. 
0.058 Although preferred embodiment of the present 
invention has been described for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 
additions and Substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 

What is claimed is: 
1. A pressure control valve including a pilot poppet, being 

detachably in contact with a two-stage seat formed in a flow 
path connecting a high-pressure path with a low-pressure 
path, for closing/opening the flow path, and an elastic 
member for elastically biasing the pilot poppet, which has 
been pressed onto the seat to close the flow path, to its initial 
state, the pressure control valve comprising: 
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a ring-shaped balancing groove formed on a periphery of 3. The pressure control valve of claim 1, wherein the 
the pilot poppet that forms a ring-shaped gap in asso- depth of the balancing groove formed on the periphery of the 
ciation with the seat when the pilot poppet is lifted from il be within 10 to 15 ti he ring-shaped the seat. p1lot poppet 1s set to be within 10 to 15 times the ring-shape 

2. The pressure control valve of claim 1, wherein at least gap. 
one balancing groove is formed on the periphery of the pilot 
poppet. k . . . . 


